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MAINTENANCE  COSTS  OF  COMPLEX  EQUIPMENT 


Allan  Sherman 
Stanley  A.  Horowitz 


INTRODUCTION 


One  of  the  chief  responsibilities  of  Navy  managers  is  the  material 
condition  of  ships  in  the  fleet.  They  must  be  aware  of  equipment 
deterioration  and  must  decide  how  to  best  allocate  resources  to  reduce 
equipment  downtime,  thereby  reducing  maintenance  costs  and  improving  the 
material  condition  of  the  fleet.  Among  the  questions  this  paper 
addresses  are:  — ^ 

a '>How  much  more  is  complex  equipment  down?  c’rJ 

0'  ' >Are  high  quality  enlisted  personnel  more  valuable  in  dealing 
with  more  complex  equipment? 


> The  answers  to  these  questions  indicate  that  fleet  material  condition  can 
be  improved  by  revised  personnel  policies.  By  more  precisely  assigning 
skilled  men  to  ships  with  complex  equipment,  the  Navy  could  reduce 
equipment  downtime  thereby  improving  readiness  and  decreasing  maintenance 
costs. 


A MODEL  OF  THE  MATERIAL  CONDITION  OF  SHIPS 


The  amount  of  time  that  equipment  fails  to  function  in  a specified 
time  period  can  be  expected  to  depend  on  the  kind  of  equipment,  the  age 
of  the  ship,  length  of  time  since  the  ship  was  last  overhauled,  and 
manning.^  We  used  regression  analysis  to  estimate  the  relationship 
between  downtime  due  to  shipboard  equipment  failures  and  its  hypothesized 
determi nants. 


We  have  confined  our  examination  to  cruisers  and  destroyers:  40 
destroyers  (DDs),  18  guided  missile  destroyers  (DDGs),  17  frigates  (FFs), 
4 guided  missile  frigates  (FFGs)  and  12  cruisers  (CGs).  These  91  ships 
are  all  the  active  ships  of  these  types  that  underwent  overhauls  in 
fiscal  years  1972,  1973,  and  1974.  To  be  sure  that  we  were  looking  at 
comparable  periods  on  all  the  ships,  the  entire  period  from  one  overhaul 
to  a ship's  next  overhaul  was  considered. 

Whenever  a ship  suffers  an  equipment  failure  that  degrades  its 
operational  capability,  it  must  file  a casualty  report  (CASREPT).  We 
have  used  CASREPT  information  to  derive  measures  of  maintenance 
effectiveness.  CASREPT  downtime  per  month  is  our  key  measure  of 
shipboard  material  condition.  CASREPT  downtime  is  the  number  of 
casualties  a ship  had  multiplied  by  the  average  time  CASREPTs  on  that 
ship  took  to  be  fixed.  CASREPT  downtime  in  a month  is  equivalent  to  the 
average  number  of  CASREPTs  outstanding  during  that  month. 


lOf  course,  additional  factors  such  as  morale  and  the  availability  of 
spare  parts  also  affect  equipment  condition.  We  were  unable  to  address 
thes  factors  explicitly  in  this  paper. 


I ^ 


Rather  than  study  the  determinants  of  CASREPT  downtime  for  entire 
ships,  we  concentrated  on  several  sub-systems.  These  sub-systems  were 
chosen  because  they  are  common  to  a large  number  of  cruisers  and  destroy- 
ers, and  are  maintained  by  men  in  a small  number  of  ratings.  The  sub- 
systems are  boilers,  engines,  gun  systems,  missile  systems,  anti-subma- 
rine warfare  (ASW)  systems,  and  sonars.  Table  1 shows  the “ratings  of  the 
personnel  who  are  responsible  for  the  maintenance  of  these  sub-systems. 

TABLE  1 


SUB-SYSTEMS  STUDIED 


Sub-system 


Boilers 
Engines 
Sun  Systems 


Missile  Systems 


ASW  Systems 


Sonars 


Associated  rating 

Boiler  Technician  (BT) 

Machinist's  Mate  (MH) 

Fire  Control  Technician  (FT) 
Gunner's  Mate  (GM) 

Fire  Control  Technician  (FT) 
Gunner's. Mate  (GM) 

Gunner's  Mate  (6H) 

Sonar  Technician  (ST) 
Torpedoman's  Mate  (TM) 

Sonar  Technician  (ST) 


As  the  table  shows,  the  same  ratings  are  sometimes  responsible  for 
part  of  the  maintenance  of  more  than  one  sub-system.  To  properly  match 
men  and  equipent,  v/e  allocated  CASREPTs  both  by  rating  and  by 
sub-system. 

In  the  equipment  failure  data  we  received,  every  CASREPT  was 
classifial  according  to  the  four-digit  equipment  identification  code 
(EIC)  of  the  piece  of  equipment  responsible  for  the  CASREPT.  By 
examining  the  EIC's,  every  relevant  CASREPT  was  assigned  to  one  of  the 
six  ratings  we  are  concentrating  on:  BTs,  Mis,  GMs,  FTs,  STs,  and 
TMs.*  In  addition,  for  guns,  missiles,  and  ASW,  we  used  the  EICs  to 


VmSO  supplied  a tape  from  the  3-M  data  system  of  all  corrective 
maintenance  actions  taken  on  our  91  ships  since  1970.  This  tape  included 
information  on  who  performed  every  action.  We  derived  frequency  counts 
of  repair  ratings  for  all  relevant  EICs.  This  allowal  the  assignment  of 
CASREPTs  (which  do  not  include  information  on  v<ho  did  the  work)  referred 
to  In  the  text. 
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derive  sub-system-wide  measures  of  material  condition.  These  were 
correlated  with  the  characteristics  of  crewmen  in  all  relevant  ratings. 

The  personnel  characteristics  examined  are  shown  in  table  2,  along 
with  other  factors  Included  in  our  analyses.  The  bulk  of .the  personnel 
analysis  in  this  paper  relies  on  crew  histories  compiled  from  the  Navy's 
Enlisted  Master  Record  (EMR).  To  build  these  histories,  we  reviewed  the 
records  of  the  entire  enlisted  force  between  1967  and  1975,  and  picked 
out  the  men  on  the  91  ships.  We  then  developed  aggregate  statistics 
describing  the  characteristics  of  each  crew  by  rating.  This  required 
weighting  the  characteristics  of  individuals  by  the  fraction  of  the 
observation  period  they  were  assigned  to  the  ship. 

TABLE  2 

DETERMINANTS  OF  MATERIAL  CONDITION  STUDIED 

Personnel  characteristics^ 

Number  of  enlisted  personnel 
High  school  graduation 
Entry  test  scores 
Paygrade  profile 
Length  of  service  (LOS) 

Time  aboard  this  ship 
Tine  aboard  other  ships 
Number  of  Navy  schools  attended 
Number  of  NECs  attained® 

Race 

Marital  status 
Other  factors 
Ship  age 

Overhaul  frequency 
Equipment  complexity 


^Data  were  also  gathered  on  the  age  of  enlisted  men  and  on  the  number 
of  officers  aboard  the  ships.  These  factors  did  not  prove  to  be 
important. 

^Some  Navy  Enlisted  Classification  (NECs)  on  individuals  can  be  gained 
only  via  school  attendance;  others  can  be  earned  on  the  job.  We 
differentiated  betv/een  these  tvio  types,  and  used  the  number  of  NECs  of 
each  type  that  men  possessed  as  a*  measure  of  the  extent  of  advanced 
training. 
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EXPECTED  RELATION  BETWEEN  DETERMINANTS  OF  MAINTENANCE  AND  DOWNTIME 


Maintenance  downtime  and  costs  should  depend  In  part  on  the  quantity 
and  quality  of  men  operating  and  maintaining  the  equipment.  As  a result 
the  level  of  C.ASREP1  downtime  should  vary  inversely  with  the 'number  of 
enlisted  personnel.  Hen  with  more  pre-Navy  education  and  higher  entry 
test  scores  in  relevant  areas  should  do  better  maintenance.  We  expect 
more  experienced  men  to  be  more  productive  than  less  experienced  men,  and 
men  in  higher  paygrades  to  be  more  productive  than  men  in  lower  pay- 
grades.  Since  more  experienced  men  are  more  likely  to  have  higher  rank, 
an  analysis  wlilch  focused  only  on  rank,  for  example,  would  be  unable  to 
determine  how  much  of  the  added  productivity  of  senior  men  reflected 
selection  of  the  best  men  for  promotion  and  how  much  was  merely  the 
result  of  experience.  Including  both  paygrade  and' LOS  in  the  analysis 
would  disentangle  the  quality  dimension  of  higher  paygrade  from  the 
effect  of  experience.  We  did  not  assume  that  more  experienced  (or  higher 
ranked)  men  continuously  get  better  at  their  jobs.  We  examined  the 
possibility  that  after  a break-in  period  junior  men  reach  a higher  level 
of  proficiency  beyond  '.vhlch  they  tend  not  to  improve,  or  that  further 
significnt  improvement  only  occurs  after  a considerable  time. 


Experience  at  sea  may  be  more  important  in  increasing  the  productiv- 
ity of  enlisted  men  than  shore  duty.  We  examined  whether  men  with  more 
prior  sea  duty  tend  to  have  ships  with  less  CASREPT  downtime  and  whether 
ships  with  more  stable  crews  have  less  downtime.  If  either  of  these 
variables  reflects  higher  productivity,  the  Navy's  policy  regarding 
sea-shore  rotation  will  be  open  to  question. 

The  completion  of  more  Navy  courses  should  lead  to  higher  producti- 
vity, and  thus  to  better  maintenance. 


The  acquisition  of  certain  advanced  skills  confers  Navy  Enlisted 
Classifications  (NECs)  on  Individuals.  Srae  NECs  can  be  gained  only  via 
school  attendance;  others  can  be  earned  on  the  job.  We  differentiated 
between  these  tw  types,  and  used  the  number  of  NECs  of  each  tyj»  that 
men  possessed  as  a measure  of  the  extent  of  advanced  training. 


The  impact  of  the  race  variable,  the  percent  of  the  crew  that  is 
black,  is  not  predictable,  but  its  inclusion  was  nonetheless  appropriate. 
If  blacks  receive  lower  quality  educations,  more  blacks,  holding  educa- 
tional attainment  constant,  may  be  associated  with  worse  maintenance.  If 
the  Navy's  entry  tests  discriminate  against  blacks,  more  blacits,  holding 
text  scores  constant,  may  be  associated  with  better  maintenance.  We 
hoped  to  discover  whether  the  Navy's  use  of  high  school  graduation  arxi  of 
entry  tests  as  guides  to  recruitment  and  assignment  Is  equally  appropri- 
ate for  blacks  and  whites. 

He  were  also  unable  to  predict  how  marital  status  correlates  with 
the  productivity  of  enlisted  men.  Married  men  may  be  more  stable  and 
more  serious  workers,  and  hence  more  productive.  On  the  other  hand,  some 
married, men  may  dislike  sea  duty  a great  deal.  This  disafftctlon  may 
make  them  loss  productive. 
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ASM)  we  estiniated  a relationship  of  the 
units  of  observation  in  the  analysis. 


1,  missile 
owing  forro.^  Ships  are  the 


Oowntime  ■ f(age,  ovh  diff^  equlpiuenf,  pers)  (1) 


Downtime  ® average  CASREPT  downtime  per  nranth; 

age  - age  of  the  ship  at  the  tine  of  its  • 
overnaul  in  FY  72-74  (years) i 

ovh  diff  - number  of  months  between  overhaulsi 

equipient  ® a vector  of  dumi^  variables  reflecting  the 
kinds  of  equiiwent  deployed  on  our  shipsj 

pers  " a vector  of  the  enlisted  personnel 
variables  listed  in  table  2. 


It  was  expected  that  newer  ships  would,  other  things  equal,  have 
less  CASREPT  downtime. 

A longer  gap  between  overhauls  should  lead  to  more  equipment 
downtime.  If  it  does  not,  ships  ai'O  being  overhauled  too  frequently. 

Ships  vary  to  some  extent  in  their  equipment.  Usually  these 
differences  correspond  to  ship  types  or  class  differences;  sometimes  they 
do  not.  Obviously  this  may  influence  ships'  maintenance  histories.  For” 
instance,  the  1200-pouiKl  boilers  on  some  ships  have  had  more  problems 
than  the  older  60n-pound  type  because  of  technical  innovations  in  their 
design.  In  general,  more  complex  equimnent  is  expected  to  be  down  more 
often.  Because  of  the  differences  between  those  two  types  of  boilers, 
allowed  for  the  possibility  that  personnel  contributions  to  the  mainten- 
ance of  boilers  were  different  for  ships  with  600-pound  plants  and 

^In  addition,  the  relative  condition  of  ships  based  on  the  east  and 
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variables  in  equation  (1)  on  CASREPT  dcwntlnie,  thus  have  concentrated 
on  the  results  of  the  estimating  formulation  in  the  equation. 
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1200-pound  plants.*  On  other  sub-systems  m also  allowed  for  the 
possibility  that  characteristics  related  to  crew  quality  were  more 
valuable  on  ships  with  more  complex  equipment.  Our  tests  of  this 
possibility  are  the  main  focus  of  this  paper.  Equlpnent  vari.ations  for 
the  sub-systems  will  be  discussed  along  with  the  empirical. .results. 

Me  estimated  equation  (1)  using  ordinary  least  squares.  The  period 
of  observation  for  the  dependent  variables  was  either  the  entire  time 
between  a ship's  overhaul  in  FY  1972,  1973,  or  1974  and  its  previous 
overhaul,  or  as  much  of  this  period  as  possible  {always  at  least  18 
months  before  the  more  recent  overhaul).  For  the  explanatory  variables, 
the  entire  Inter-overhaul  period  was  used.  The  condition  of  a piece  of 
equlpnent  depends  not  only  on  the  care  it  is  getting  now,  but  also  on  the 
care  It  received  in  the  past.  This  is  why  a long  observation  period  was 
used,  and  why  it  seoned  desirable  to  use  a longer  observation  period  for 
the  explanatory  variables  than  for  downtime  wiien  the  complete  OISREPT 
data  set  was  not  available.  We  hoped  to  capture  the  long-run  effects  of 
variation  in  the  determinants  of  maintenance  effectiveness. 

DISCUSSION  OF  RESULTS 


The  relationships  between  individual  characteristics  and  downtime 
varied  widely  across  enlisted  ratings  and,  for  a large  part,  depended  on 
the  complexity  of  the  equipment  being  maintained.  Not  only  was  complex 
equipnent  in  worse  condition,  but  it  required  more-skill«Ki  men  to 
maintain  it.  For  reasons  of  brevity,  only  the  estimated  equations  for 
boilers  and  those  areas  related  to  equipment  ccsiiplexity  will  be  presented 
In  detail*  A sumnary  of  results  will  also  be  included.^ 


ENGINEERING 

For  the  most  part,  the  ships  have  one  of  four  kinds  of  propulsion 
plants.  All  of  the  ODs  in  the  Forrest  Sherman  Class,  all  the  DDGs,  and 
all  the  CGs  have  1200  p.s.i.  main  propulsion  plants  and  t^  screws.  The 
older  DDs  also  have  two  screws,  but  600  p.s.i.  plants.  The  FF  1052  class 
has  one  screw  and  1200  p.s.i.  plants,  while  the  FF  1040  (Garcia)  class 


‘This  was  done  by  multiplying  each  personnel  variable  by  both  a 
600-pound  ship  dunmy  and  a dunsny  for  ships  with  1200-pound  plants.  The 
two  variables  were  entered  separately  into  the  equation  being  estimated. 
If  this  procedure  did  not  improve  the  explanatory  poiwr  of  the  equation. 
Its  results  were  discarded. 

2a  complete  presentation  of  results  can  be  found  in  "Personnel 
Performance  and  Ship  Condition,"  CHA  Study  1090,  March  1977,  art  is 
available  from  the  authors  upon  request. 


and  FFGs  have  one  screw  and  pressure-fired  boilers.*  Distinguishing 
among  these  kinds  of  systems  proved  to  be  very  important  in  explaining 
the  material  condition  of  boilers  as  measured  by  CASREPT  downtime. 

Table  3 lists  the  CASREPT  downtime  for  different  kinds  _of  plants. 
The  more  complicated  1200  p.s.i.  plants  obviously  have  more  boiler 
trouble  than  600  p.s.i.  plants.  Because  boiler  downtimes  for  the  two 
types  of  one-screw  plants  were  similar,  they  have  been  treated  together 
in  the  rest  of  the  analysis.  We  suspect  that  the  FRA'i  DDs  have  more 
engine  downtime  because  their  engine  rooms  contain  equipment  that  is  in 
the  fire  roans  of  other  ships  and  so  MHs  do  work  that  BTs  do 
el sewhere. 


TABLE  3 

CASREPT  DOWNTIi^E  FOR  ENGINEERING  SYSTEtiS 


Ship  classes 
or  types 


Number  Kind  of 
of  ships  cftatpment 


Average  CASREPT 
downtime  (hrs/mo) 
BT-related  Mi-1-related 


CG,  DOG,  Forrest 
Sherman  destroyers 
(except  00  933) 

36 

2 screws, 

1200  p.s.i. 

730a 

222 

RlAM  destroyers 

33 

2 screws, 

600  p.s.i. 

218 

349 

FF  1040,  FF6  1 

11 

1 screw,  1200 
p.s.i,  pressure- 
fired 

318 

279 

FF  1052 

8 

1 screw, 

1200  p.s.i. 

301 

143 

®730  is  approximately  the  number  of  hours  a month.  This  means  that  on 
the  average,  these  ships  have  one  boiler  CASREPT  outstanding.  Since  they 
have  four  boilers,  three  are  usually  CASREPT-free.  In  any  case, 
existence  of  a CASREPT  does  not  necesarily  imply  croiplete  inability  to 
operate.  75  percent  of  all  CASREPT  downtime  is  C-2,  implying  minor 
degradation  of  mission-essential  equipment.  If  equipment  is  C-3,  it  is 
termed  marginally  ready.  C-4  means  not  ready.  In  this  study  all  three 
types  of  CASREPTs  have  been  aggregated  together. 

Ifhe  91  ships  included  one  diesel -powered  ship,  one  600  p.s.i.  ship 
with  one  screw,  and  one  Forrest  Shennan  ship  without  autamatic  combustion 
control.  All  three  ships  were  deleted  from  the  BT  analysis. 
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Boiler  Technicians 


la 


The  predictive  relationship  estimated  for  equipment  maintained  fay 
BTs-are  displayed  in  table  4.  The  coefficients  are  the  best  estimates  of 
the  effect  of  a one-unit  change  in  each  of  the  explanatory-. variables  on 
the  average  number  of  hours  of  boiler  CASREPT  downtime  per  month.  These 
results  are  never  in  an  unexpected  direction  and  are  often  quite 
significant. 

Equipment  complexity  affected  not  only  material  condition,  but  also 
the  effect  of  the  crew  on  material  condition,  Crev/  quality,  as  measured 
by  entry  test  scores,  paygrade,  training,-  and  length  of  service,  seems  to 
have  matter«l  much  more  on  1200  p.s,i.  ships,  particularly  those  with  two 
screv/s.  We  estimate  that  an  Increase  of  one  percentage  point  in  the 
average  Shop  Practices  Test  scores  of  BTs  on  two-screw,  1200  p.s.i,  ships 
would  lower  CASREPT  downtime  by  an  average  of  138  hours  per  month.  There 
Is  also  a very  high  payoff  to  having  rated  personnel-  A one  percentage 
point  drop  in  the  fraction  of  BTs  v/ho  are  unrated  (E-3  or  below)  is 
associated  with  a drop  of  25.19  hours  in  CASREPT  downtin^  per  month. 
Harried  BTs  are  less  productive  than  single  BTs  on  tv/o-screw,  1200  p.s.i, 

ships.  Perhaps  they  are  less  v/illing  to  put  in  the  long  hour^  the  job 

requires.  Training  v/as  important  on  one-screw  ships,  though  not  as 
important  as  on  two-screw,  1200  p.s.i.  ships.  If  a quarter  of  the  BTs 
attended  one  extra  school,  we  estimate  that  D4SREPT  dov/ntime  would  fall 
by  72  hours  a month  on  the  one-screv/  ships.  Crew  si2e,  on  the  other 
hand,  was  more  Important  on  600  p.s.i.  ships.  We  estimate  that  an 
additional  BT  would  reduce  downtime  by  71  hours  per  month. ^ 

These  results  do  not  mean  that  crew  size  makes  no  difference  on  1200 
p.s.i.  ships  or  that  Navy  training  makes  no  difference  on  600  p.s.i. 

ships.  They  do  mean  that  variations  in  these  characteristics  v/ithin  the 

ranges  observed  in  the  fleet  are  not  likely  to  make  much  difference. 

Not  surprisingly,  found  that,  other  things  equal,  older  ships  had 
significantly  more  boiler  problems. 

Table  5 gives  our  . best  estimate  of  how  personnel  policies  could  be 
changed  to  cut  boiler-related  CASREPT  downtine  by  50  hours  per  month  on 
destroyers  with  different  kinds  of  fire  rooms,  the  greater  the  Indicated 


■ ■! 


^The  data  on  crew  size  that  were  used  here  came  from  BuPers  Form  1080, 

We  gathered  this  information  only  for  the  DDs  in  the  sample.  Perhaps  if 
we  had  had  it  for  all  88  ships  in'this  analysis,  crew  size  would  have 
appeared  more  important  for  the  1200  p.s.i.  ships,  (There  were  six  1200 
p.s.i,  IBs  in  this  sample.)  When  data  on  crew  size  from  the  Enlisted 
Master  Recort  were  used,  no  effect  of  crew  size  was  found.  Usually  the 
ErIR  and  Form  1030  measures  of  cro*w  size  correlated  quite  highly  (an 
average  of  .67),  For  BTs,  tfrc-  only  rating  for  which  results  using  Fomi 
1080  data  are  presented,  the  correlation  was  only  .48, 
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DETERMINANTS  OF  MATERIAL  CONDITION  FOR  BOILERS 
(CASREPt  downtime,  hours  per  month) 
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TABLE  5 

POTENTIAL  WAYS  TO  CUT  BT-RELATED  CASREPT  DOWNTIME 
BY  SO  HOURS  PER  MONTH 


^^Significant  at  the  5 percent  level, 
®S1gnlf leant  at  the  1 percent  level. 


statistical  significafice  (mm  percent  is  K-re  significant  than  five 
percent),  tte  mn  confident  m are  that  «v^iit  in  tte  indicated 


direction  wold  inprove  Mterial  condition.  Our  estiBafes  indicate  that 
it  wuld  be  fairly  easy  to  acc»p1ish  suA  an  irorov^wit  in  aaterial 
condition,  especially  in  the  Mst  c^ple*  fir«  rows.  This  ray  be 
because  tte  two-screi#,  1200  p.s.i.  plants  are  in  relatively  poor 


condition  to  teqin  with. 


t*s  Mates 


In  ^willing  the  deteminants  of  the  condition  of  awines,  m 
distinguish^  wing  different  kirals  of  ■ain  propulsicMi  plants  in  the  sa^ 
tray  we  did  for  tellers.  As  night  be  ex^tal,  steaa  pressure  played  a 
OTaller  role  in  engine  coteiticfl  than  it  did  in  boiler  condition. 

Table  3 dWMistrated  this. 


Factors  that  ir 
all  t%«>-scraw  shins. 


ence  -MSREPT  dowitire  sew  to  be  cpilte  siailar  on 


Experience  seeas  to  be  the  wst  i^rtant  characteristic  of  Mis. 

Not  all  experieiwe  is  equally  ioportant,  tewever.  fti  all  89  ships  in 
this  sa^le,*  it  hel  ^ec  CO  hflvs  wio  tuve  iieen  in  ti^  ^avy  over 
three  years.  Fm  all  but  tlw  cne-scr»  ships,  sea  ex^iw^  ses 
apparently  valuable  than  shore  duty.  Frequent  rotation  scewd  to 
detract  fr®  n»intenance.  On  t^screw,  1200  p.s.i.  ships  in  particular, 
sea  duty  had  a high  payoff.  Evw  telding  LOS  and  tire  in  current  billet 
constant,  havii^  a aaaller  proportion  of  unrated  ren  helprt  on  600  p.s.i. 
ships. 

Having  wre  Ws  on  teani  ipproved  Mterial  condition  cm  the 
twD-screw  ships.  Apparently  larger  creis  were  raore  inportant  on  the 
^0  p.s.i.  ships.  This  is  slollar  to  our  finding  for  BTs,  Perhaps  this 
illustrates  tte  greater  ia^rtarfce  of  tte  ni^mr  of  Korkers  when  there  is 
a less  ci^'lex  plant. 


Training  was  found  to  iBtprove  the  w^wtivity  of  Ws  in  swe  cases, 
Itelding  the  nirter  of  NECs  constant,  additional  school im  was  estiwted 
to  detract  frw  roaintenance.  This  nay  ref i ret  the  attendant  decrease  in 
valuable  sta  ex^rience.^  Mhen  an  ws  attairien,  N^ver,  the  gain 
wire  than  Bate  up  for  tte  loss  am  to  school  attendance.  NECs  that  do 
not  rewiire  roraai  schooling  nay  be  Mrticularly  valiable,  although  tte 

^The  Forrest  Sieraan  destroyer  (00  ®3)  without  autwatic  c^iiistion 
MS  includte  in  this  saonle. 


^SoBetines  attend  schools  ^ile  they  are  assigned  to  ships.  In 

such  cases  our  sta  experience  variable  will  overstate  actual  sea 
experierpce.  me  school  variable  mv  pick  this  uo. 


cost  of  picking  up  skills  on  the  job  is  very  hard  to  measure  and  may  be 
quite  high.l  Once  again,  older  ships  were  in  significantly  worse 
shape. 


GUNS  AND  MISSILES 

Because  both  FTs  and  GMs  are  responsible  for  part  of  the  operation 
and  maintenance  of  both  guns  and  inissiles,^  analysis  of  these  systems 
is  a bit  more  complicated  than  analysis  of  the  engineering  systems  where 
different  ratings  are  responsible  for  boilers  and  engines.  As  noted 
earlier,  we  used  3-M  data  to  assign  CASREPTs  to  the  rating  responsible 
for  the  equipment,  regardless  of  what  subsystem  it  is  part  of.  The 
equations  we  derived  from  this  assignment  by  rating  .are  our  best 
estimates  of  the  influence  of  crew  characteristics  on  maintenance.  They 
do  not,  however,  allow  us  to  address  questions  regarding  how  best  to 
improve  the  condition  of  particular  subsystems. 

To  address  these  questions,  v/e  have  also  estimated  equations  by 
subsystem.  Thus,  the  material  condition  of  guns  is  studied  as  a function 
of  the  characteristics  of  both  GMs  and  FTs,  as  is  the  material  condition 
of  missiles.^  These  subsystem  equatio."''  i:  not  associate  men  with  all 
the  work  they  do,  but  they  allow  us  1;  a.’.aiyze  the  condition  of  specific 
weapon  systems. 

It  is  clear,  from  table  6,  that  CASREPT  downtime  varies  widely  among 
ships  with  different  kinds  of  equipment.  Ships  with  5"54  guns  have  more 
GM  and  gun  downtime.  This  .is  especially  true  of  Forrcst  Sherman  ships, 
■which  also  have‘3"50  guns.  Missile  ships  with'the  Mk  72  fire  control 
• system  have  much  more  FT  and  missile  downtime  than  other  ships.  These 
ships  are  equipped  to  use  the  Navy  Tactical  Data  System  (NTDS).  5'‘54 
guns  also  seem  to  be  associated  with  fire  contr.ol  problems,  except  on  the 
FF  1052  class,  which  has  only  one  mount  and  the  simplest  missile  system. 


ISee  Weiher  and  Horowitz,  "The  Relative  Costs  of  Formal  and  Job 
Training  for  Navy  Enlisted  Occupations,"  CNA  Professional  Paper  83, 
November  1971. 

2gMs  also  v/ork  on  ASW  equipment. 

%e  did  not  distinguish  between,  for  example,  GMMs  and  GMGs  because  the 
distinction  disappears  above  paygrade  E-6. 


TABLE  6 


Forrost  Shoniian  class  du‘k 
OtliQrs  with  5"54  guns 
All  others 


Number  fiun 
of  ships  downt i me 


GM 

downtime 


Ships  with  Mk  n PCS 
Other  DDGs  (5 "54  guns) 


Missile 

iowntime 


FT 

downtime 


FF  1052  class  (5''54  guns) 
rorrest  Sherman  class  (5'‘54) 
All  others  ' 


iMltF’s  Matos 

ti  between 

tks  on  downtiiiio  opncirs  to  be  the  effect  of  crow  charecteris- 

« 

The  presence  of  p-Ss  p-n*.  . 

'"'V  reflect  th°  inher'‘nP°fJ?'f^  improved  material 

out  as  fl  Warning  arialnst  too  training.  We  point  this 

regarding  training:  As  waf  the  c here 

flisocifltod  with  more  e(|uipn)ont  downtime  V more  schools  was 

held  constant.  School  lU  S owSJ^f  LOS  were 

senior  people  better  th-n  iimlnr  important  role  in  makino 

Who  roach  senior  status"y|;  i"'  ''^4 . y*'*'  results  indicate  ^haJ  meS 
require  more  schooling  to  roa4"thrS’lJ?-?r? 
that  attainment  of  nfcs  rofinrre  ®*''*  again,  v^e  find 

school  attendance  was  a requircint.*^* Performance,  whether  or  not 

£lK-£S»ti-ol  Technic l.mQ 

fTs  ced  the  «unt 

«"Stdereely  «o„9  ship  Cassei.  'ip'-jenl:?  ;;T?at?o:',1  fefIS 


-‘'’'"IW.  l-iS 


differences  In  the  coniplexlty  of 


the  DDG  37  class 
ships. 


equipnient.  NTOS  shins 


, soon  to  need  high  quality  porsonner 


I.Q.,  CGs  and 


iiior®  than  other 


estimatfri  to  bi'^lmportanron  «n  charactoristics 

pass  standard  tests  of  statlstlLf  Ifqnif  cSS  «««es  did  not 
also  seemed  to  cut  PT-related  dowi  tirl’  l!'??!  m More  trequont  overhaMls 
relate  to  proficlencv  In  ?wf diSe  f to 

ihips);  men  who  have  not  e!"  arf  . class 

paygrades  E^5  throuqh  E-7-  E-m«-  ,nd  f S=^ l!  p'Ticient  than  those  in 

Variation  (in  the  range  4^  kservoril  ^ m ® P*'oflc1ont, 

CASREPT  downtliiie  only  on  rH¥<  ip?f  ^e  number  of  FTs  seemed  to  cut 

among  the  least  coilDief  shins  frigates, 

for  the  engineering  ratings.  The  use*of  hicn’i findings 
important,  ospeciafly  if  they  were  assion%d'tA‘^^Tie  PTs  was 

graduates  and  men  wh  i scored’i-o]]  nn%r’  ships.  High  school 

associated  with  loss  CASREPT  downtime! Reasoning  Test  wre 

variation  in\S''entry”tost  s4?ros^of°FT?*^\t^ 
entry  tests  is  »'eiKcof  bylhe  of 

ships,  black  FTs  are  estimated  to  ^‘4  on  some  guided  missile 

are  the  only  rating  w^errfrac  al  Si FTs 
mean  that,  because  hioh  ab11i?rblertrnl  observed.  This  may 

test,  blacks  who  do  scorf h ql?en4mh  tn  ontry 

Whites  who  meet  the  sc?eSnin|  criterfoJ^  ® 

amounfof^i^fcontro?  dowJtime^woiirbe^Vs'^ 

wouw  be  expoctod  to  docreoso  firo  ■coltrorSolun.e 


ANTISUBMARINE  WARFARl 


in  inree  ratings;  sonar  I prhni-,- perionned  bv  men 
mates.  The  ASW  tasks  handled  ht*  ri  Ominer's 

ostUMtes  of  tho  rout  Jo  ,™4-t?vul  ? 3 ™r 

'•luvt.  p.OuUutivity  OT  different  kinds  of  GMs, 

tho  SQwfJSd  SsuntUnJ  *'’'*.S'!S-26.‘  Shfps  wUh 

SQ.'j-Pa,  an  average  of  over  ?ho  hours  those  with  the 

month.  per  month,  conipared  to  94  hours  per 
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All  91  ships  had  Mk  32  torpedo  tubes.  Most  had  fik  16  ASROC 
launchers*  Table  7 shows  how  downtime  varied  according  to  equipment 


The  ASROC  ships  had  much  more  ASW  downtime  than  the  others. 

Although  SQS-26  sonars  were  associated  with  more  sonar  downtime,  they  may 
have  had  less  ASW  fire  control  downtime.  'ASROC  ships  vi/ith‘-SQS-26s  had 
less  ASW  downtiTO  than  those  with  SQS-23s,  and  the  same  pattern  was 
observed  on  non-ASROC  ships. 

Torpedoman* s Mates 

As  table  7 shows,  eqiupment  maintained  by  TNs  has  ver^  little 
CASREPT  downtime.  Some  ships  do  not  have  one  TO  on  board  at  a^l  times, 
and  thus,  not  much  equipment  is  the  responsibility  of  TOs.  Still  we  were 
able  to  find  significant  connections  between  Tf-is  and  the  condition  of 
their  equipment  on  ships  equipped  with  ASROCs.  Ships  that  had  more  TOs 
had  less  CASREPT  downtime.  In  addition  older  ships  and  ships  that  go 
longer  between  overhauls  have  more  TM-related  CASREPT  downtime. 

Sonar  Technicians 

Equipment  complexity  has  a great  deal  to  do  with  how  frequently 
sonar  equipment  is  down.  Equipment  maintained  by  STs  has  more  CASREPT 
downtime  on  ships  with  SQS-26  sonars  and  on  ASROC  ships.  Surprisingly, 
the  impact  of  differences  in  the  characteristics  of  STS  was  estimated  to 
be  the  same  on  all  90  ships  in  this  sample,  regardless  of  their 
equipment. 

STs  who  have  graduated  from  high  school  are  more  productive  than 
non-graduates. 

Sea  duty  is  the  key  element  in  the  experience  of  STs.  Longer  length 
of  service  and  higher  paygrade  are  associated  vrith  higher  productivity 
only  if  they  reflect  more  sea  experience.  A related  finding  is  that 
single  STs  are  more  productive  than  married  men.  This  may  be  due  to  a 
lesser  aversion  to  sea  duty. 


GENERAL  CONCLUSIONS 


The  condition  of  shipboard  equipment  was  affected  by  the  complexity 
and  age  of  the  equipment,  the  length  of  time  since  it  was  last  overhaul- 
ed, and  the  number  and  characteristics  of  the  men  who  operate  and  main- 
tain it.  Crew  characteristics  that  influenced  the  productivity  of  en- 
listed men  included  high  school  graduation,  entry  test  scores,  race, 
marital  status,  length  of  service,,  paygrade,  sea  experience,  and  advanced 
training.  Not  all  of  these  factors  made  a difference  for  all  kinds  of 
equipment,  but  in  all  cases  some  of  them  mattered. 

Our  results  are  surranariied  in  table  8,  It  displays  the  characteris- 
tics found  to  influence  the  productivity  of  men  in  each  of  the  six 
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DOWNTIME  FOR  DIFFERENT  KINDS  OF  ASW  EQUIPMENT 
(CASREPT  downtime,  hours  per  month) 


ratings  examined.  It  also  shows  other  factors  that  affected  the 
condition  of  equipent  handled  by  men  in  each  of  the  ratings.  A check 
signifies  a relationship  that  was  expected;  an  "X"  means  that  it  was  not. 
A blank  means  that  no  relationships  were  found. 

Equipment  complexity  was  a major  influence  affecting  the  condition 
of  all  kinds  of  equipment.  An  important  facet  of  our  results  not 
captured  by  table  8 is  that  in  several  ratings  higher  skill  levels 
reflected  in  education,  test  scores,  experience,  or  training  increased 
productivity  only  when  men  handled  relatively  complex  equipment.  On  the 
other  hand,  variations  in  crew  si2e  seemed  to  make  the  most  difference  on 
simpler  ships. 

In  all  ratings,  men  in  higher  paygrades  were  more  productive  than 
their  juniors,  even  when  length  of  service  was  held  constant.  Except  for 
TMs,  some  measure  of  LOS  related  positively  to  productivity.  For  STs, 
sea  duty  was  the  only  kind  of  experience  found  to  increase  productivity. 
Sea  duty  was  also  important  in  several  other  ratings. 

The  results  regarding  paygrade  and  experience  must  be  interpreted 
carefully.  They  mean  that  men  who  get  promoted  under  existing  policies 
are  more  productive  than  men  who  do  not.  They  do  not  mean  that  more  men 
should  be  promoted.  The  mere  act  of  promotion  does  not  make  men  more 
valuable. 

In  calculating  productivity  differences  for  men  with  different 
lengths  of  service,  other  factors  that  differ  with  LOS  must  be  consider- 
ed. For  example,  men  who  have  been  in  the  Navy  ten  years  are  likely  to 
be  in  higher  paygrades  than  men  who  have  been  in  five  years.  The  proba- 
bility of  promotion  and  the  estimated  additional  productivity  of  men  in 
higher  paygrades  must  be  taken  into  account  in  comparing  the  value  of  men 
with  different  lengths  of  service. 

FTs  and  STs  were  nwre  productive  when  they  were  high  school 
graduates.  In  less  technical  ratings,  high  school  graduates  were  not 
found  to  be  more  productive  than  other  men  of  the  same  paygrade  and  LOS. 
Entry  test  scores  predicted  the  performance  of  BTs,  GMs,  and  FTs. 

Variations  in  productivity  reflected  variations  in  training  in  all 
of  the  ratings  except  FTs.  Perhaps  FTs  are  so  highly  trained  that 
variations  do  not  matter  much.  When  paygrade  and  LOS  were  held  constant 
however,  additional  school  attendance  helped  MMs  and  GMs  only  when  it  led 
to  attainment  of  an  NEC.  (Interestingly,  there  were  two  ratings  idiere 
sea  experience  was  more  valuable  than  shore  duty  in  increasing  men's 
productivity.)  Some  of  the  value  of  training  may  have  been  picked  up  by 


TABLE  8 


DETERMINANT  OF  PERSONNEL  PRODUCTIVITY  AND  EQUIPMENT  CONDITION 
AS  MEASURED  BY  CASREPT  DOWNTIME 


Crew  characteristics  or  other 
determinant  of  material  condition 

Crew  size 


High  school  graduation 
Entry  test  scores 
Paygrade 

Length  of  service 

,iaboard  prior  ships 

j.  _t  * - 


Sea  experience}'*^  ^ f T- 

aboard  current  ship 


0^  school  s attended 
TraimngJ^^jjg^  of  NECs  attained 


Marital  status 
Race 


Ship  age 

Time  between  overhauls 
Equipment  complexity 


H MM  M fl  TO  ST 

✓ ✓ / / 

/ / 

✓ ✓ / 

/ / / / / / 

/ / / X 

/ / / 

/ 

‘/XX  / / 

/ / / 

/ / 

/ 

/ / / 

/ / / 

/ / / / / / 


! 

1 

s 


i 

1 
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paygrade  variablts.  This  will  be  the  case  If  some  men  benefit  from 
training  and  others  do  not,  arel  if  those  who  benefit  are  more  likely  to 
be  promoted. 

Single  STs  and  BTs  were  found  to  be  more  productive  than,  married  men 
in  those  ratings. 

Entry  tests  may  discriminate  against  black  FTs,  who  were  more 
productive  than  expected  on  the  basis  of  test  scores  and  high  school 
graduation.  The  effect  was  not  found  in  other  ratings, ^ 

Older  ships  had  more  CASREPT  downtime,  particularly  in  engineering. 
Ships  with  longer  gaps  between  overhauls  also  had  more  downtime, 
especially  in  weapons. 

Our  results  have  implications  for  what  policies  should  be  folloiired 
to  Improve  the  management  of  enlisted  personnel.  In  many  cases,  dis- 
covery of  the  precise  nature  of  these  implications  requires  calculation 
of  the  cheapest  way  to  improve  material  condition.  This,  in  turn,  re- 
quires that  estimates  of  differences  in  productivity  be  combined  with 
estimates  of  differences  in  the  cost  of  personnel  with  various  levels  of 
education,  ability,  experience,  and  training,  other  cases,  the  impli- 
cations of  our  results  are  apparent  without  further  analysis: 

0 Particularly  for  BTs  and  FTs,  place  a higher  proportion  of 
senior  men  and  highly  trained  men  on  ships  with  conplex 
equipment.  This  would  both  cut  total  equipment  downtime  and 
increase  the  availability  of  high-performance  equipment. 

0 Pay  more  attention  to  the  level  of  manning  on  ships  with  less 
complex  equipment,  especially  in  engineering  and  fire  control. 
We  would  not  reccirenend  manning  cuts  where  we  found  no  effect  of 
creiv  size,  hov/ever,  because  maintenance  is  not  the  only  task 
men  have. 

0 Do  not  screen  men  so  strictly  on  the  basis  of  higft  school 
graduation  and  entry  test  scores  in  ratings  where  these 
characteristics  do  not  seem  to  increase  productivity. 

0 Try  to  get  STs  to  spend  more  time  at  sea  by  paying  special  sea 
pay  selectively  to  certain  ratings. 

0 Although  higher  entry  test  scores  do  not  always  Indicate  higher 
productivity,  they  usually  do  not  seem  to  discrimiante  against 
blacks,  FTs  are  a.  exception.  Perhaps  give  blacks  waivers  to 
become  FTs,  even  if  they  do  not  quite  meet  the  usual  criteria. 


^CNS  Study  1039,  "Enlisted  Selection  Strategies,"  by  R.F.  Lockman, 
found  that  entry  tests  are  relatively  poor  predictors  of  the  success  of 
blacks  In  electronics  schools  in  the  Navy  (p,  10), 
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•iito  ^itoLov  S^L  and  Thin  thtonton  to  fefecy." 
B pp,  Jd  1976  (fyNiihad  to  In- 

dTitiw  0 Tfeu^t.  ad.  by 

M HaGlAt  and  A 


Wton,  OauHond  f.  A,  *lha  US.  fiMh  Rato  and 
too  COntandiHiil  Oahnao  d EiHopt.*'  50  p*,  tap 
1376  (tobmiiiad  tot  pBficiclen  to  AddpM  fapm. 
■-US,  Landon)  AO  AO3046T 

ff  191 

Mafich,  Mtchaal  E.  and  M.  Vm  Adto.  day  (USN, 
dtitftifl.  -flato  CoOBtoandtii;  Afloai  ot  AdwnT* 
9 p*.,  Auf  1379  UmtoHd  from  US  Mypr  ta. 
•aatnAsEOtok^  Am  I9ni  AOA036499 

ff  193 

FtiiMiiiii,  dobato  L,  “fnliaaiiaiaty  OipItinHy.*' 
109  f*  Saf  1979  AO  Am  399 

Ff  193 

tsduiwi.  dobci  f , "A  Modal  foi  ttotocdaf  H- 
cnih  UIHI|.~  9 ■*,  B*  1979  (fiaaOMad  at  di» 
9401  aaaoal  conioniwn  ot  dw  Anorioon  fty«9o 
toyical  Altowdon,  ftoddayion,  DC,  « taf  %wm 
AO  ABO  459 

ff  194 

Mibnnay.  dobait  d.  A,  "An  ApniwOnt  d MH 
Md  EMa  ftoradiloni  In  Fiind,  tho  Uakad  Ktob 
dton,  and  tha  fodtoai  Btonffli  d Oatnany.  n 
f^  Fab  1977  iRaiiptad  at  CodtoOMt  " fpoap 
don  dI  tha  US.  - SoMN  Mane*  and  Ma  MAM 
Utaa  d hUtoiy  funoi"  tpo aloud  by  pnottoi. 
AMnoad  dtowub  fNMi  A|n«y.  AdM  im 
A003tSB 

tf  Ids 

Mtooai.  Jamaa  M,  "CMiai  d Tiada  dtobiidnio 
on  liMtnu  d StaaL*’  97  pp,  NanPtii  1979, 
lOatoiiad  to  ILA9  Codpoia  to  Boo  1979) 

ff  199 

hMmm,  Ml,  "ttopatoananta  to  dw  Iwpliwinil 
iton  ad  Oaiitablt  Owniai  to  dW  IlMlNiln  «t 
(Wwn  hbiie  Tianaporidion,'  13  pp,  0(4  1979, 
AOAB3333 

ff  Itt-dtoM 

Fauaan.  ftod.  HlbT  IFi  Omm  to  Owm  dap# 
Niton."  Od  1979 

ff  197 

fWiitoin.  fotooal,  note  Sanfao  Cliinlbintir  • 
Coannant,"  4 pp.  No*  1179,  (To  ba  pnbridiid  to 
fuWic  engirt,  Vei.  xstv.  fall  1970 
AOABSSaS 

Ff  IB 

loana^  dohan  f,  Hamdadan  d OU 
Ttpiii  n Pononiat  Silictija  Mtpiiin."  39  pp,  htoa 
1976 


Ibis 

tomaon,  latli  S,  *1^^  Umhi  d dtoton* 
OiwditPd  bom  Mmrtiaijifan  indotodOL"  39  fto. 
No*  iOeiitaiod  to  lUH  fiwlpanti  to  Die 
inN,AOA0399M 

tf  170 

OwtoiMp,  fiaidi  f,  "A  'nB*  Sarin  Anahnn  d 
Mot  Ttonom."  Nat  mt.  paiiatod  to  ILM 
tedaniK*  to  Oat  WW 

ff  171 

dibion.  Jototo  M,  “A  HMon  Maid  tn  6d 
M UD  OopBtolen."  W yp.  No*  19nt.  M 
iMd  to  Jpnnil  d Apmi  MM  VM.  97,  m. 


ftaatw.  HTT)  AO  A039m 


tWw  VoiL; 


*%n 

SMtm. 

•A4S  Sw  Li3|Ui  df  UnwiptaYmint,**  S#e  19?S. 
CftwwiiiM  M H»t  ef  iJber 

II  Ncv  lilM 


K1«£HM«%  ^bvhI  &,  "A  ItoM  M' 

^ ^ Aaaid  Watty/DoEfi Ji|ii  »^w 
^fUigiwiys”  3 pi^  Die  t9?l.  if\»i>ili^  w Uv« 
AfWlafl  &s»aiNttiit.  VsL  X9^  No.  1«  $pf^  13%) 

tMtda*v,  miart  &,  Jr.  ^ ^ 

laad«m  rtniafll*  If 

pp,  M 1377  ADDS? lOi 


tiiU*.  SmiHt  S&teff.  and  Spn^  Niacv, 
~^tt£c  i^sf  UtatmAftt  aatf  Ciinii."  Am# 

1371,  In  Awiwi  et  i*iM  Srnawi.  Vet 

ff  m 

FMi.  Winqi.  ^acr«t«t«a  ^ ll«t«Atiait  end 
tied  A^  ^NA  GrtdDiML^  31  ppv.  M»  1377, 

jmAmw 

pfm 

lACtMiA  S^irl  ^4  Vbm«f,  JslH  *^»- 
lidlftf  Atttitf^ti:  A Tftit  Anpujia# 
A^VWcAia*  S pp.  Ms  If??.  Cftiiiraaa  ai  tw 
O^MdilB  Daafaitdti  pB  AiyHipB  Xit^ 

Tfwiant 

A7  Apra  Itnt  AD  AD393i? 

33173 

iCfiinwea,  litwrapl  ”Aa  f ^ Naff 
fpftfictwi  iai»  0%c«t  Acc*Hi»rt  hoy  amt,**  S 3€l 
Api^  1377,  CTA  M itr—nted  ««  tfc*  HATO  OsfJ 
IpfpAot  pa  iAaopcNNw  Ha^Aini  Md  Orporwesi^ 
DHiyt.  tuN.  ^ A»«  1377),  AOi^tHD 

33171 

Hm  H.  Md  Vriet  Supb^n  4.  A 

llodii  t9  ^nodiiii  InTgrtTwy  Ptinuni  IMdt* 
OuntWp  HthaiimirTj  fcBc¥,*  H pp.  A^  l377, 
Ihgmmod  a At  NAl^  Caiihmut  pn 

Wtiwlf  pod  Qipnixwion  S^in,  Stra^  t^p,  73 

Am  13771, A(^9t9 


Itoraina,  A.  am  Skem».  *!»« 

M SimI  ^rgsaat 

MtunTiinci,*  IS  pp,  Ap4  1377.  {Prni<^d  a Ac 
MATD  Csriftrti^ct  ^ hyuiai 

OrpnaatiBM  Db^a.  Socife  ftff.  % '9771. 

ASJMSn 

PPISt 

BA».  MA>3  a pAd  "Aa  tTjnt^i^ 

TTpiwTHg  Haad  ^ 7^^  t^««d  ngwmi.“  3S 
Ppk,  1977.  fhiptnf  ^ wttaiuriiirt  a df« 

Vinlftt  ^ ^ OpwalaiB  tfaimji 
S0»¥¥  §M  iMuihl*  tni  tbp  is^m  ^ WifltfO- 
intfTt  f *.itn:t,  $ lltf  1377.  &a  rrtpgfigi.  C^ 
feCAbl.  ADi^eSn 

fple 

MuiaT.  Ttumn.  hA  Osm  ler  M Tmhcl 

&mf  m Hv  7811  1139  ^ift  a &IA.~  S?  pp. 
Apt!  1377 


Km^I.  0*^  m Nitd  fMcii.” 

n pik.  fUaigg^W.  1979,  frvpfiibtd  m pmt  ^ 
CSt0ttt  3,  ^fner^  ^tta:  fitvr  aoi 

M«fiA«  to  A»mt.  U*^  ani  luttoav  fcidfiLt 

Ftanm  f»  and  Wl^ot  Sduwtda.  4r.  fadtl. 

fOrtAt.  ftotito  A fompaot,  tac.:  Naa  Vak}. 
1977).  AD  Am  103 

P3  184 

Leetontfi.  itoiart  3,.  **Aa  QnvfWw  o1  tot 
O^R  &totf««tci  on  ftot  Entottd  AltF^Df^^* 
5 PA,  Am  1377.  ChntFTtd  b tot  33to  l^itS 
Woriktod  Ofsip  on  Minpona  Ml  Ptwenna 

Rtmuiip  AiWipgrit.  MA.  mo  Am  1«?1. 

ADAM3618 


Kmm%,  DetiC  Tt^natofr  and  NtcA  Fact* 
s tot  Soi^  Adantit.**  S pp  ftAb  ptpg  tiat  tot 
beta  for  a aiitnta*on  mdt  a tot  to* 

fottifn  hs60f  Acuivt*^  ^BAtidit.  Mtfi.  S AptS 
1377).  AD  A043«f3 


Monfii,  Maaito  M.  ' hua  Spaet  Iftscyatt,  |V^ 
Oin  ttmtoni  hoeadurA"  31  PA,  Mty  1377,  iln^ 
p»pir  pwarrttd  at  toi  1377  NAtO  ffptitmf 
on  P»to  tnwya**  and  Tbao  AppIcAiOft  In 
^tantBrn  and  $iMa  Afiito. 

Aobcarp  Mgum.  A^  17^  IfTT)  thiWtoad  to 
to^mi  al  Mitotmitki)  ^^ikl  13(1).  p 7lA  ^ 
1378}.  AO  AS«d  107 


D,  'ftoaby^iv  to*  Ofaatmm  Ba^ 
ifiiji,**  ^ ip.  Agoi  1377,  fhtiafttid  a ton  Asia 
siKfOntl  Mmh<i  at  tot  Opmtoloat  IRwtafto 
So^y  pi  iUiNKtoa  and  Hit  lnpit«i«  toe  Mwnjp 
mns  Smtoto  Sv»  f<aa<to«o,  Ctiitotnta.  3 tiiy 
1377).  AO^Uto3^ 


Dbf^^  ll^iam  A,  *1r^SHhatoi«  Pt^^am^  mi 
%tc^na  f-aatciLmitf  tof  tA^AwaM  NtjUtiatkiia: 

Om  ^ ito=,  Wiy  1377 

piftd  tot  prtnflia\ia>^  to  dm  lito  AnnOTi  Oamm 
tow  p|  tot  tmrwaftofw)  Sto^a  AaoeU^on.  Cftai 
^ flaa  Hotot  St.  tmM.  ttaat  13^ 
13771.  AD 


Ra^to  *^rtot  Drttcdon  to  CiXitlutoiUtd 
i^mattoii  ^oton)  Oaa  3iici.“  1^.  13 
spk  Piiwtoid  a tot  Stoto  Oatoild  totoTftifaarai 
Cgnf»rM£c  ^ l3ckA*i4eiJ  la^mtt*on  Sieciii  am 
Oanfitld  tftCTiXuU  ^ T^> 
notoff.  Dcdfcrd.  Cfiytnd.  29-^ 

1977,  ADAOM^ 


iStomtty,  napfit  ft.  A.,  ^y*opttn  Piiccptici  i 
0d  Ea«-3lB  feinpctitioa."  96  ip,  ^77 
Sipstrad  toi  priitniiiion  a tot  aatooti  mta^  of 
tot  inttfnaiooa  Stotoc*  Awedition,  St.  Un, 
ftto.  ktofto,  1377).  AD  A0I3  ei 


f9l3l 

Smya.  *'Tlm 

Wtirtt  Om  Vine,'' 


mata  Md  At 
i 1977,  IS  pp 


itoi^ 

flaftn.  toltf^  *fffte«  of  TjHiinpiny>"Wt  ^ 
■Mato  fnpdaapd  on  tXnttiiu  and  JtA  Saiito 
OtooMM.**  Aspai  1977,  • ppk.  tUtpfiattd  Bam 
sadafbit)  and  Utoit  BtlttloM  Racitar,  V^,  93, 
•^^AdlfTn 

ppm 

HeteartU.  Supfty  A^  "A  Wtodd  ^ Qimiyhii  mint 
mersito  and  tot  Vtoto  Ttat,^  flnyin  1977.  ? pp 
(itoprIMtd  from  toda^nl  and  iator  fItItUpw  lt» 
atia.  Vsl.  9(k  topAft  Jai  1377) 

fr  131 

Ctwitn.  KtlMatn  3^  **tha  Slis  of  UntaulBy 
waa  tMMiict  Oil  tot  Oittatmit  a0  UnanytoyiiiMt 
•nd  fatoioMinff  ^ainp,**  lUipif  1377. 7 Op  IBp 
pHetd  Rtfli  todupia)  and  Utec  Atigdow 
VdI.  9<X  tto.  a 4id  1377) 

PPH6 

Bnddlnp  Pfaidi.  ’UntmitoymM  tttartiiw  Tam 
«td  ttoar  Twnwa:  lumman  of  HittHTlft* 
3eton#A**  17  ip  iRtpriatad  ^tfe  Indiiftiiai  and 
tapat  Rtlakm  Rtaiaa.  Val.  9%  Up  41^  Jal  if}?} 

(torn 

^teoA.  i.  At  and  ttoinot,  d.  “ttoyadttao  od 
9bA  Otettatondnaant  tififiiiity  ia  O-Peyti 
UP-A”  Rdy  1377.  3 pp  nraptittad  Apai 
tiff  httti^toa  Pn  Patliaw  Ptokm.  Vto 
B7H.lto.7.Mim) 

33197 

totou  Antomy  A.  TRa  Catot  tot  Hart 
AMtoito.**  14  pp,  Pto  1977,  ADf^Qt^ 

PRIii 

Oatap  Katoitaa  3..  Oipriteiiany  Cftoctt  ot 
iliitmfiuYmard  InawanGt.**  2S  pp,  Sapt.  mt 
aSigiitid  al  a ftimn  tnrtitutoM  Conltitoto  an 
Incama  OkwlMiioA.  Oct  73}  13777 

fptm 

tato,  a,  ’Ttacoliaton  A 3,Alt  <- 

m GibM  AriHd  ^nat  in  Itoris  aid  tot  MidAt 
£a^”  S«p  1977,  % pp,  AD  AMIiC 

93  200 

fisaiii.  tovto  ^Tba  lAtoad  Stolas  Maty.”  4D 
fa.  Dtc  1977.  (To  im  pi^hlwd  ai  a rHipytr  in  lim 
UJ.  Aftt  ttotofaa  br  Aoefa  in  &ii^ 

de^  19781.  AP«3  lOi 

PP201 

A58:t»*  4.  ^Tlit  Cmaw  lliliUu  to  AA^ 
am  Tilt  )Aid!t  Cap:  ftom  AtjpTb  to  Anp^” 
^ 1^.  f?  pp,  AS  Ad%  3?S 

TPM 

ftoliiitii,  Alto.  “iPiv  Diptalaa  Dattn'1  Vtoto,- 
(WipMrttd  Itoto  and  Ift^a 

m tot  ^<p-fi7M  apto  H JotoP 

VsA  Aiail.  fjlato.  Mi,  Ap  1J  $to 

1377. 3 IP 

fpm 

ftodmtn,  ‘TCtoitiAy,  toitjaViwd,  ato  tot 
of  Ceni.nafwt  in  a MaMt  tenamy,** 
pbilad  from  7^  0 7\tf|4jr 

m 79.  ftp  ^ ttofUmit  IfTlj  ftp  M7. 19  pp, 
AQIMTeiTS 


3- 
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VM4.  ***•  *<*• 

OyiDwiKt  imi  Ss^ 

os  t tn.  9i  P»w  ^ ^ 


a»H.  mrnm  O,  “*  ewMii-an  « 

tfi#  S#lir9  fodt  HMSy  ^ lc»^t>TiC  fiiifi'ITTn"' 
rroiiBdfRfT  ~ it  »•  ««  Mtrrij  ^ 

ilM  Afwicm  Sooty  foi  Sc*w*^ 

lltA^  3i  Sipwwifcir  mJ  Oa  tM,  t 

Jmi*  ««  •^etwif  9mi  i^asm  ai  ^ 
Sofit  N>*y  lA  dkt  Vw  3001.**  4tp»^  »i«  ttlf, 
tf^MAiti  it  V 0»iiliMcs  OA  fiMm  ^ s« 
f^Nwr  «•  jtppiOlCli  •«  ftii  QtAify.  ipoftW'W 
1^  ^ AnariMs  fAiwpmi  IiMilwif  ^ ft^fe 
RMattl^  • OciBtw  W7.  «nS  Mibiidait  'Lfr 
yiiMitmi  m « ^ Pil^  b9  ^ 

Ma,jU?AM?24< 

OalAarg.  ^^pt-^fOcihBuwi 

tmtW  fliiitf  felckt  Ai^etai  WiitTfi  & 
OBiJfiHWt  &pti>in>Mii  ift  tlw  A^,  fiit  aHtf 
fM«  ii^Miriit.**  3t  iP,  Ckt  tin,  a 

foatfcim  geBAcwk  Awwia^  Mta  jp  lii'w'  n 
3liMi*ff  itnl 


Man.  Hijtim  ”tl»  &t^A>  ^ »»  O^tm 
tl»  tAM  ^«la  Aitaet  aid 

dw  Oiik  wt*  » PP,  *fe*  1»n.  iftp 

iNi*i*d  i»»  *«««  wtpui'n.  ^ 

3UUCTO^  Ite.  1.  «y  tfjn.  *D  A»f  m 

IPSM  . Oipn*^. 

prtta 

lUt^  0«|44.  Tte  49 

Wt  tPiilfld  fc*  ^ iVtaicM  riiMiiairt  i«e- 
CiiH-  PiCi  OB  PrcMawi  ol  $«i  ^9«*  « 
Aappiidi  da  21ft  CPdar,  OtteAt  ^2. 

W2I1 

tfciiiil,  Miiirirt  >1.  *t>A  itjprBt-MiTHi  ^ i^e- 
te  ttanrip  14  «!« itTi 

*rtin|i*_  *19a  Srnpittf  ^ai*^«iii(k  Mtta 

fftcATinu  2@  ^ 

Jsa  Wt  IT#  b#  a AarfTwf  fef  m 

Jemwt  <pi  Miflaiairial  and  in 


tl^i^ll.  SlHe  In  $%apw 

m ttmir  tmm,  Ajt*i£itiBw  » ifiwPiUfr 
lin^"  12  piU.  gA  ?t,  tfiPfWg  « ^ ^ 
AmI  WtiMwp  #n  iftfgfMidsn  l^togi  a# 
tmmm  AppM  WWaanjcf  and  Mm.  PM  PS 

P2t4 

Trni^nl  fNM  a«  *'A  Sm* w Mim  Vm 
^ IP#  Optin' d m,  ^ ICT 

tftwimniPtft*1^C^'*^f"tiBn^»a  ImiTlrpi 
MtittI  Scianci  AaocaWf.  ^rnm  #« 


pr  m 

C:tc^  ^ a*:  ^ M 

I fiij'ji.af  pf  AdMAad  ^aan.  19  fp. 
tte  ^ tfiTiritiat  M a iacfit  ^ da  £#^. 
liimai  gl  &lJM#anmi»n.  31.  Pi#>  4,  p*^ 
mw.  tWn»a«  ItTSi 

fptw 

I^mS  C.  ^^inn  * Ftt^fftCI  Doirds^n 
^ ji.i*  iiifii  ft#do^fny,~  1*  #A<*  Ifl*. 

a #«  Jaami  at  da  Afiwncan  Socun  ^ 
intiimiiinn  Swc^  Vot.  29,  lia,  «.  pp.  M310. 
itiiiniiiii  tdl 


€.  $tuda»  at  Sntwi^ 

1?  PA.  fAtntitrl  at  A* 

ft-|-irl*  II  ming  ^ ^ MAinSaA  Socwtv  #o«  in- 
IMM  » piancnfc.  C^Ofnit, 

Oc»_ff***  197AI 
«piis  = a»^«L 
pptif 

ituactiwyt.  «.  uv»f.  ’‘UmkH 

fiififfTd  g ipnctitf’  wi^  Tbtc*T  *#9  gfpii*itton.“  90 
AA  Pi  (Ta  #•  MpnAtid  few  ^i^CMlOA  in 


t..  ^ 
^**SPA.  AP*^ 


Ptxd 

M 9^.**  99 


9*^ 

^Ili>i,  HiBW^fi  M„  ^i.'iTHipOf'diwc*  ftafc*  wd 
!%ifc  tenpraH  ' |0  iP..  ■*?*»  If?*  iMwd  pipi» 
SI  At  OTO  ^atnnt  on  *-**tAtn«cd 
r>  jtf imi  pi  rnimitii‘'t  tanpiln."  Mtrififl#. 


t Awcliww.'*  21  iiA.  fe*  *975  (T#  fct 


Zxta~  JA  Pi  Ct|fca»i  Anarnt  P*iAi1'iti Jti*,*  ^ 
^ tta  tf^  IT#  9t  RiiiTi^tiit  ^ P*afetn#s  A 

^ M f^rt 

V:"  - -"**!-=• --r-^  of 

VWV^^P.  ^C.  W°g£& 


, rfa^ualiSM.  ar^  ^ 

43  PA.  Jofi 

^ nu  I ^ 

^ ^ StiJ-j.-  oiTf  ss 


MMi,  JL  U.  ^ J. «.  abw*.  •^TinamW  ^ 
Pfpiijgia  si  OtptdtW  ^ 

W IfOi.*  34  ^ IfT® 


PPtf? 

fi^npt.  •lii't.  Tiittinaftt  ^gtsil^wi 

m Cf^iai  Aaii^"  90  iA,  Mm  IT#  p*  ibA 
uiiiiP  ^ pyPTimiut  in  Awnnii  ^ f«!idgrt 

9Ptn 

-AABOta  m &»CA  TaW 
gtLiiiBKiliii;  #i^  ^ai»S  tliiBfT^^  i*  PA.  Am 
(To  ba  ■iliiiinti  p^etiian  A 4»Aai 

#1  MaAamtPcd  ^biAcw 

frm 

AAi^  *^Man  TPtmy  pl  ffttO'iwn 
Amt.  I:  fwiiiiitrion  and 
Appieai^TOW.**  SO  PA<  dan  IfIS 

atBfgd.  Utm,  fbaanp  af  A>aiT»|H 

lUui.  if  Qt^tAnUmintift  Ippiiiilwifini'L  34 
pp^PifcliB 

fPSI 

p^an.  DtPiV^  Jt^  ^KmI  ^^a^an 
Tlw  ^ a Ra^imm  ibm  ^9 

PP3J 

UiA,  PeSm  Qm^  *•  Midt 

AfCipMO  *o  Mtef?"  &ii  iTO  ITa  M wltimad 
^ piAtkation  bt  iijyrtiiil  and  t^t  Raiipont 


At  Nitn  ^ S PA,  ^ MI9 

fpn4 

All  iiAi^p.  Am  and  Lsaf.  *aM  lU  ‘Ite 
ftilitr  tapiid^m  Oatadaot  ^nin  and  tmuf  tfr 
ptnAnwa^  IHa  Gm#  at  Canwnic^B  Tt 

ppb.  Od  H7f  IT#  b*  iHfcAttnd  tm  in 

A«rail  pf  fVAdt  Eomansoy 

PASS 

MaaNcw  It,  *9#  SawQCtaMTCjP  Cjsaw'  .m  a* 
Aa  JbdMHnonie-O^Bmm  ^Aapna,”  41  pp«  Os 

ffiyistf 

fA3T 

tiaaW.  fViwtid.  Ifcwi*  titl' to  ■^■a* 
t>\npai  Pmm.”  19  ppu  Jb  19S 
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